A conserved feature of germ cell cytokinesis is the formation of stable intercellular bridges between daughter cells. These intercellular bridges are seen in diverse species from Drosophila melanogaster to Homo sapiens and have been shown to have roles in communication of large numbers of germ cells. In testis expressed gene 14 (Tex14) knockout mice, intercellular bridges do not form during spermatogenesis, and male mice are sterile, demonstrating an essential role for intercellular bridges in postnatal spermatogenesis in mammals. Intercellular bridges also form between dividing germ cells in both male and female embryos. However, little is known about the formation or role of the embryonic intercellular bridges in mammals. In females, embryonic intercellular bridges have been proposed to have a role in development of the presumptive oocyte. Herein, we show that TEX14 is an essential component of male and female embryonic intercellular bridges. In addition, we demonstrate that mitotic kinesin-like protein 1 (MKLP1, official symbol KIF23), which we have discovered is a component of intercellular bridges during spermatogenesis, is also a component of male and female embryonic intercellular bridges. Germ cell intercellular bridges are readily identified by KIF23 immunofluorescence between the gonocytes and oogonia of control mice but are absent between germ cells of Tex14-null mice. Furthermore, by electron microscopy, intercellular bridges are present in all control newborn ovaries but are absent in the Tex14 knockout ovaries. Despite the absence of embryonic intercellular bridges in the Tex14-null mice, male mice initiate spermatogenesis, and female mice are fertile. Although fewer oocytes were present in Tex14-null neonatal ovaries, folliculogenesis was still active at 1 yr of age. Thus, while TEX14 and intercellular bridges have an essential role in postnatal spermatogenesis, they are not required in the embryo.
INTRODUCTION
Intercellular bridges are large cytoplasmic channels that connect germ cells in syncytia. The intercellular bridge is a highly conserved structure from insects [1] [2] [3] [4] to mammals [5] [6] [7] [8] [9] [10] [11] [12] . This high level of conservation strongly suggests that germ cell intercellular bridges are essential for fertility. In insects, genetic studies [1] [2] [3] [4] have demonstrated that intercellular bridges are essential for both male and female fertility. ''Incomplete'' cytokinesis during these divisions in the female fruit fly results in the formation of a 16-cell cyst [13] . The cyst migrates posteriorly in the ovary as it matures, and one germ cell is selected as the oocyte and supported by the other 15 ''nurse'' cells [13] . In female Drosophila, intercellular bridges transfer several cytoplasmic components from the nurse cells to the oocyte, increasing its size. For example, oocyte-specific proteins and mRNAs (e.g., Bicoid D and oskar [13] ), are concentrated in the oocyte. The centrosomes from the nurse cells are inactivated and transferred to the oocyte [14] , and mitochondria are also concentrated in the oocyte [15] .
TEX14 and the midbody proteins KIF23 and RACGAP1 (MgcRacGap) are expressed in both mouse and human testis [16] . As spermatogonia divide and differentiate, these proteins form intercellular bridges, a stable structure formed by mitotic and meiotic divisions and maintained until formation of spermatozoa. These structures are so stable that we were able to identify components of the intercellular bridge through a simple biochemical enrichment protocol and proteomic analysis [16] . Using embryonic stem cell/knockout mouse technology, we determined that TEX14 has an essential role in intercellular bridge formation in the mammalian testis [17] . We found that TEX14 is required to convert midbodies into stable intercellular bridges [16] . In Tex14 knockout males, germ cells continue to form midbodies during telophase of cytokinesis. However, in the absence of TEX14, the midbody is transient, as in somatic cells, and no intercellular bridge is formed [16] . Tex14 knockout mice completely lack intercellular bridges, and spermatogenesis fails before the first meiotic division [17] , resulting in sterility. Thus, postnatal bridges seem to be functionally required in males.
Dividing embryonic male [18, 19] and female [20] [21] [22] [23] germ cells are also connected by intercellular bridges. Mitotic division of germ cells occurs for a finite period during embryogenesis in mammals. In female mice, germ cells enter meiosis around Embryonic Day (E) 14.5 [22, 24] . No divisions occur beyond meiosis, so no new intercellular bridges are formed beyond embryogenesis. As a result, the germ cell cysts seen in newborn females are the result of stable intercellular bridges that were formed before approximately E14.5.
In male mice, mitosis and intercellular bridge formation resume after embryogenesis, although not until 3 days after birth. In newborn males, gonocytes migrate and arrive at the seminiferous tubule basement membrane within the first few postnatal days [25] . Mitosis resumes at Postnatal Day (P) 3, when mitotic figures are seen in 10% of the gonocytes before reaching the basement membrane [25, 26] .
Except for spermatogonial stem cells [27] , all germ cell divisions in both genders are thought to result in the formation of stable intercellular bridges. This process leads to the formation of germ cell cysts in both male and female embryonic gonads [5] [6] [7] [8] [9] [10] [11] [12] [20] [21] [22] [23] . In females, it has been proposed that one germ cell in the cyst is selected to become an oocyte in a primordial follicle, while the other germ cells in the cyst are eliminated by apoptosis [23, 28] . As few as 2% of the embryonic germ cells survive to become oocytes [23] . It is unknown if the presumptive oocyte is chosen randomly or by a selective mechanism. Mitochondria seem to accumulate preferentially in one germ cell in the cyst, suggesting that the intercellular bridges may serve to help prepare and select the presumptive oocyte by the transfer of materials and/or signals [23] . An analogous syncytial organization occurs in male embryonic germ cell cords, with 30%-75% of the gonocytes degenerating [29] .
MKLP1/Pavarotti (KIF23) was first identified as a component of both male [30] and female [31] Drosophila melanogaster intercellular bridges. By a molecular analysis of intercellular bridge formation in mammalian spermatogenesis, we have shown that KIF23 is a midbody component that becomes part of the intercellular bridge in a TEX14-dependent process [16] . Thus, KIF23 is the only protein known to be conserved in all intercellular bridges from fruit flies to humans [16] . No components of the embryonic intercellular bridge have been described to date in mammalian males or females, and the function of embryonic intercellular bridges is unknown. Herein, we used KIF23 and TEX14 as molecular markers to analyze the formation and essential requirements of embryonic intercellular bridges.
MATERIALS AND METHODS

Tex14 Knockout Mice
The generation of Tex14 À/À mice has been described elsewhere [16] .
Tex14
À/À mice were previously demonstrated to lack Tex14 mRNA by Northern blot analysis and are therefore null for Tex14 [16] . Knockout mice were generated in our laboratory and were maintained at the Baylor College of Medicine Transgenic Mouse Facility in accordance with the facility's rules and animal handling protocols. All experimental animals were maintained in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Tissue Preparation
Mouse ovaries and embryonic testes and ovaries were fixed overnight at 48C in 4% paraformaldehyde in Tris-buffered saline (TBS) (100 mM Tris-Cl, pH 7.5; 0.9%/150 mM NaCl). Tissues were washed three times in 70% EtOH and then overnight at 48C in 70% EtOH. They were then embedded in paraffin for sectioning. Five-micrometer sections were placed on Superfrost/Plus slides (Fisher Scientific, Houston, TX) and dried overnight on a slide warmer (Clinical Scientific Equipment, Melrose Park, IL).
Immunofluorescence
Steps for rehydration and antigen retrieval for immunostaining have been described previously [17] . Tissue samples were circled with a PAP pen (Zymed, South San Francisco, CA) and blocked in TBS plus 3% bovine serum albumin (BSA) for 1 h at room temperature. Antibodies were diluted in TBS plus 3% BSA and used for overnight incubation at 48C at the following dilutions: goat anti-TEX14 [16] 1:300, rabbit anti-KIF23 1:300, mouse anti-GCNA1 1:1, rabbit anti-STAT3 (C-20; Santa Cruz Biotechnology, Santa Cruz, CA), goat anti-NOBOX 1:300, and guinea pig anti-ASZ1 1:300. Tris-buffered saline plus 6% BSA was used to dilute anti-GCNA1. Alexa 488, 555, and 647 secondary antibodies were purchased from Molecular Probes (Eugene, OR). Samples were mounted using Prolong Gold mounting media with 4 0 ,6 0 -diamidino-2-phenylindole (DAPI) (Invitrogen, San Diego, CA) and examined on a Zeiss (Carl Zeiss MicroImaging, Thornwood, NY) Axiovert s100 2TV. When required, deconvolution was performed using softWoRx version 3.3.6 (Applied Precision, Issaquah, WA).
Electron Microscopy
Tissue was surgically removed from newborn animals and then drop fixed in a modified Karnovsky mixture of 2.5% glutaraldehyde, 2% paraformaldehyde plus 2 mM CaCl 2 in 0.1 M cacodylate buffer (pH 7.4) overnight at 48C. After primary fixation, the tissue was given three rinses of 5 min each in 0.1 M cacodylate buffer (pH 7.4). The tissue was then postfixed in 1% OsO 4 in 0.1 M cacodylate buffer for 3 h and rinsed three times for 5 min each in 0.1 M cacodylate buffer (pH 7.4). The tissue was dehydrated in a gradient series from 30% to 100% ethanol. After ethanol dehydration, the tissue was given three changes of fresh propylene oxide (PO) for 20 min each. It was then infiltrated up to 1:1 PO plus Spurr low-viscosity embedding resin, where it was held overnight. The next day, the tissue was further infiltrated with a 2:1 resin:PO mixture for 1 h, followed by three changes of 2 h each of pure Spurr lowviscosity embedding resin. The tissue was placed in individual 00 BEEM capsules and polymerized at 708C overnight.
Thick sections were cut using a Histo knife (Diatome U.S., Fort Washington, PA) on an RCM (Tucson, AZ) MT-6000XL ultramicrotome, stained with toluidine blue, and examined on a light microscope for orientation. Thin sections were cut at 8 nm using an Ultra knife (Diatome U.S.) on the same ultramicrotome and picked up on 200-mesh copper grids. Thin sections were stained for 15 min in a saturated aqueous solution of uranyl acetate, counterstained for 6 min with Reynold lead citrate, and examined on a Hitachi H7500 transmission electron microscope (Hitachi High Technologies America, Inc., Schaumburg, IL). Digital images were captured using Gatan Digital Micrograph software and a Gatan US1000 camera (Gaton Inc., Pleasonton, CA).
Oocyte Counting
Female littermates were euthanized at Postnatal Day 2.5 (P2.5). The ovaries were removed and fixed for 2 h at room temperature in Bouin fixative. They were then prepared for paraffin embedding as already described. Paraffinembedded oocytes were cut in 8-lm sections, and every fifth section was counted. To aid in counting, oocyte nuclei were labeled by immunofluorescence using an anti-NOBOX antibody. Counting was further assisted with ImageJ (National Institutes of Health, Bethesda, MD) and was checked manually. A correction factor of 5 was applied to the absolute counts according to the method described by Tilly [32] . For Embryonic Day 11.5 (E11.5) and Embryonic Day 18.5 (E18.5) embryos, 7-lm sections were cut, and every section was counted. An OCT4 antibody, ab19857 (Abcam, Cambridge, MA), and a GCNA1 rat monoclonal antibody were used to visualize germ cell nuclei at E11.5 and E18.5, respectively. Significance was determined by two-tailed Student t-test.
RESULTS
Subcellular Localization of TEX14
As already mentioned, TEX14 is an essential component of the intercellular bridge in postnatal testes. To determine whether TEX14 is also present in embryonic gonads, we used immunohistochemical analysis of embryos from timed matings. Similar to postnatal testes, TEX14 was found to localize to the intercellular bridges of E14.5 male gonocytes by immunohistochemistry (Fig. 1A) . TEX14 also localized to the intercellular bridges of E14.5 oogonia (Fig. 1B) . A germ cell membrane-specific marker, signal transducer and activator of transcription 3 (STAT3), was used to localize TEX14-containing intercellular bridges between gonocytes in newborn testis (Fig. 1C) . TEX14-containing bridges were also found between oogonia in newborn germ cell cysts labeled with germ cell-specific protein containing four ankyrin repeats, a sterile-a motif, and a basic leucine zipper (ASZ1, also known as GASZ) (Fig. 1D) . To prove that the antibody labeling of intercellular bridges was specific for TEX14, we compared control and knockout newborn ovaries (Fig. 1, E and F) . While a low level of nonspecific staining was identified in oocyte cytoplasm in both groups, only the control had specific staining for TEX14 450 in intercellular bridges (Fig. 1, E and G, arrows) . Although germ cell cysts were present in both control and null ovaries (Fig. 1, D , G, and H), no TEX14-positive bridges were present in the Tex14 knockout cysts.
Colocalization of KIF23 and TEX14 in Embryo Bridges
Because intercellular bridges are retained through early postnatal life based on ultrastructural and other analyses [22, 23] , we examined newborn testes and ovaries for the presence of markers. DAPI weakly stained the germ cell nuclei of newborn testis ( Fig. 2A, asterisks) compared with somatic nuclei. Germ cell nuclear antigen 1 (GCNA1) [33] labeling was used to confirm the identity of male germ cells by immunofluorescence (Fig. 2, B-E ). KIF23 colocalizes with TEX14 in the intercellular bridges located between germ cells (Fig. 2, D-F , large arrows) similar to postnatal testes [16] . Thus, both KIF23 and TEX14 are markers for the embryonic testis germ cell intercellular bridge. KIF23 is also normally present in the midbody between all cells, both germ cells and somatic cells, at the end of cytokinesis [34] . TEX14 is only present in germ cells [17] . Accordingly, KIF23, but not
and oogonia. TEX14 is immunohistochemically stained with diaminobenzidine, and nuclei are counterstained with hematoxylin. TEX14 localizes to the intercellular bridge in E14.5 testis (A) and E14.5 ovary (B) between germ cells (arrows). C) TEX14 (green) is present between gonocytes labeled with STAT3 (red) in newborn testis. D) TEX14 (green) is present between ASZ1-positive (red) oocytes in germ cell cysts.
Comparison of control (E) and
Tex14-null (F) newborn ovaries shows that labeling of TEX14 (green) in the intercellular bridge is specific. F) A low level of oocyte cytoplasmic staining is a nonspecific cross-reaction of the antibody. G) Germ cell cysts (ASZ1, red) with intercellular bridges (TEX14, green) are abundant in control newborn ovaries. H) Tex14 knockout (KO) ovaries also seem to have germ cell cysts (white outline) but fewer oocytes overall by comparison. Arrows indicate intercellular bridges. Original magnification 3400 (A, B, and E-H) and 31000 (C and D); insets in A and B are 4 lm wide.
TEX14 IN EMBRYONIC GERM CELLS
TEX14, is occasionally observed between dividing somatic cells (Fig. 2, F and H, small arrows) .
Similar results were seen in newborn female ovaries. Germ cell nuclei are again labeled with GCNA1. KIF23 colocalizes with TEX14 in the intercellular bridges between germ cells (Fig. 3, A-C) . Closer examination (Fig. 3, A-C, insets) shows that the KIF23 ring is slightly larger than the TEX14 ring. While they overlap significantly, some area of KIF23 is completely outside TEX14, and some area of TEX14 is completely inside KIF23. These findings are consistent with our model for how mammalian intercellular bridges form [16] .
Embryonic Intercellular Bridges Are Absent in Male and Female Tex14 Knockout Mice
To define the requirement for TEX14 in formation of the intercellular bridges in embryonic gonads, we examined male and female Tex14-null and control gonads. At low magnification (403), GCNA1-labeled germ cells are seen in clusters surrounded by somatic cells (DAPI, blue) in both control (Fig.  2G ) and Tex14-null (Fig. 2H ) newborn testis. KIF23 is frequently found in intercellular bridges between GCNA1-positive germ cells in testis cords (Fig. 2G, large arrows) , while KIF23 is never seen between germ cells in the testis cords of Tex14 knockout mice (Fig. 2H) . KIF23 is still seen in the midbody between dividing somatic cells in Tex14 knockout mice (Fig. 2H, small arrows) . KIF23 also labels many intercellular bridges between GCNA1-positive cells in control newborn ovary (Fig. 3D) , but no germ cell intercellular bridges are labeled in Tex14 knockout ovaries (Fig. 3E) .
To further evaluate embryonic intercellular bridges, we examined newborn ovaries by electron microscopy. Three control and three Tex14-null ovaries were studied. The ovaries were oriented, and a section close to the top surface was examined from each ovary. A section near the middle of each ovary was also examined. For each of the null ovaries, a third section obtained near the bottom of each ovary was also examined. Intercellular bridges were found in all three of the control animals (Fig. 4, A-D) . No intercellular bridges were observed in the Tex14 knockout ovaries. While oocytes in the knockout ovaries were occasionally adjacent, as in the germ cell cysts of control ovaries (Fig. 4A) , they always remained separated by cell membranes.
Neonatal Tex14 Knockout Mice Have Fewer Oocytes
It has been proposed that one ''dominant'' oocyte arises from each cyst, while the remainder die or are sacrificed to 452 support it. Intercellular bridges are proposed to have an essential role in this process [23] . Cysts have been reported to completely break down by P2.5. This process is responsible for most of the perinatal reduction in germ cell numbers [23] . Using TEX14 staining, we confirmed that intercellular bridges are no longer present at P2.5. Therefore, we chose this point to determine the maximal influence of intercellular bridges on germ cell number. Three control ovaries were compared with three knockout ovaries. NOBOX staining was performed to ensure that all germ cells were visualized [35] . With the staining, it seemed that knockout ovaries had fewer oocytes than controls (Fig. 5, A and B) . Every fifth section was counted, and a correction factor of 5 was used as described by Tilly [32] . Counting confirmed that knockouts had roughly half the initial oocyte pool compared with controls (mean 6 SEM, 5708 6 1027 for knockout and 11 040 6 886 for control; P ¼ 0.017) (Fig. 5C) .
To determine if the differences in oocyte number occurred after birth (during cyst breakdown) or during embryogenesis, we first looked at primordial germ cell migration by counting the number of cells in the genital ridge at E11.5. There seemed to be similar numbers of germ cells in the E11.5 genital ridge for Tex14 knockout and control females (Fig. 5, D and E) . Because of the smaller size of the gonads at this stage, we counted the germ cells in every section. A POU domain, class 5 transcription factor 1 (POU5F1, also known as OCT4) antibody was used to ensure that every germ cell was counted. There was no significant difference in the number of germ cells at E11.5 (mean 6 SEM, 871 6 225 for knockout and 1193 6 254 for control; P ¼ 0.177) (Fig. 5F ). 
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We next counted the number of germ cells present at E18.5, a time point after all embryonic germ cell expansion was complete but just before germ cell cyst breakdown. Again, we saw similar numbers of germ cells in knockouts and controls (Fig. 5, G and H) . Every section was counted using an antibody to GCNA1. No significant difference in germ cell numbers was found (mean 6 SEM, 3359 6 326 for knockout and 3346 6 326 for control; P ¼ 0.562) (Fig. 5I) .
Female Tex14 Knockout Mice Complete Oogenesis
Histologic analysis was performed to determine if oogonia that developed in the absence of intercellular bridges could go through all stages of folliculogenesis (Fig. 6) . At 10 days, both wild-type control and Tex14-null ovaries had primordial follicles, primary follicles, and secondary follicles (Fig. 6, A  and B) . By 25 days, the secondary follicles had matured into antral follicles in both the control and Tex14-null ovaries (Fig.  6, C and D) . Normal-appearing viable oocytes and follicles at every stage of folliculogenesis (primordial follicles, primary follicles, secondary follicles, antral follicles, and corpus lutea) were found in control and knockout ovaries at 8 wk (Fig. 6, E  and F) . At 1 yr, the knockout ovaries continued to maintain all stages of folliculogenesis (Fig. 6H) . Thus, Tex14 is not essential for postnatal oocyte growth and ovarian folliculogenesis.
Female Tex14 Knockout Mice Are Fertile
Because Tex14-null ovaries had oocytes and completed all stages of folliculogenesis, we tested whether female fertility was altered. Homozygous (Tex14 ) males (mean 6 SEM, 7.27 6 0.22 pups/litter and 1.11 6 0.08 litters/mo; n ¼ 19 mating pairs) as determined by two-tailed Student t-test (P ¼ 0.34). The slight decrease in litter number was statistically significant by Student t-test (P ¼ 0.026).
DISCUSSION
In mammals, both male and female embryonic intercellular bridges require TEX14. Thus, a common protein is essential for all mammalian germ cell intercellular bridge formation from embryo (males and females) through adulthood (males) [16, 17] . KIF23, a protein essential for cytokinesis, is also present in all mammalian intercellular bridges. KIF23 localizes to an outer ring, with TEX14 forming an inner ring in the embryonic intercellular bridge. An identical localization pattern for these proteins was observed in developing mammalian intercellular bridges during spermatogenesis [16] . Before this study, it was uncertain whether Tex14 would be essential in both male and female intercellular bridges. In Drosophila, male and female intercellular bridges are formed with different molecular requirements. For example, female Drosophila bridges contain proteins such as Kelch [36] , Hu-li tai shao (Hts) [37] , and Btk29A (Tec29) [38] , which are not components of the male Drosophila bridge, while male bridges contain the septins Peanut, SEP1, and SEP2 [4] , which are absent from female bridges. In addition, genes required for male fruit fly intercellular bridge formation such as the phospholipid kinase four-wheel drive (fwd) are not required in the female [3] , while the Src kinase homologue Src64 is required for the female fruit fly intercellular bridge but not the male [39] .
While TEX14 is required for all mammalian germ cell intercellular bridges, its exact mechanism of action remains unknown. Somehow, TEX14 localizes to the germ cell midbody, stabilizes it, and converts it into an intercellular bridge [16] . Proteins such as KIF23 are normally components of the midbody matrix in late telophase [40] [41] [42] . TEX14 forms an inner ring, possibly disrupting the midbody matrix by excluding proteins such as KIF23 with which it can directly interact [16] . Formation of the midbody matrix requires KIF23 and is an essential step for completion of cytokinesis [42] . Thus, the direct interaction of an ''inner'' TEX14 ring with the ''outer'' KIF23 ring may disrupt the midbody matrix and partly explain intercellular bridge formation. A similar process of inner and outer ring formation is seen in female Drosophila bridges [1] . Although TEX14 is a ''dead'' kinase with no activity [17] , both Btk29A [43] and Src64 [39] have kinase domains that align to the TEX14 kinase-like domain better than any other kinase in the Drosophila genome. TEX14 localizes in mouse intercellular bridges in a pattern similar to that of Drosophila Tec29 [43] . Src64 is not a component of the Drosophila intercellular bridge [39] . This suggests that TEX14 may have a role analogous to that of Btk29A in mammalian intercellular bridges. The only known function for Btk29A kinase activity in the Drosophila intercellular bridge is to create phosphotyrosine binding sites for its own SH2 domains [43] on unidentified substrates. In fact, a hallmark of the Drosophila intercellular bridge is the phosphorylation of tyrosine residues in the intercellular bridge, and Drosophila intercellular bridges are easily identified with anti-phosphotyrosine antibodies [1] . This is not the case for mammalian intercellular bridge formation (Greenbaum and Matzuk, unpublished results). As an inactive kinase, TEX14 does not need to phosphorylate substrates to localize to the intercellular bridge, nor are any germ cell-specific kinases required for localization of TEX14 to the midbody [16] . It is possible that, as a germ cell-specific protein [17] , TEX14 localization is regulated by its expression rather than by phosphorylation of targets, unlike Btk29A, which is broadly expressed [38] . TEX14 was found to self- (A and B) , 100 lm (C-F), and 200 lm (G and H).
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interact by targeted yeast two-hybrid [16] , suggesting that, once localized, TEX14 may interact with itself to form the inner ring.
It is unexpected that a structure that has been maintained for more than 1 billion years of evolution [44] from invertebrates to man is not required for female fertility. Clearly, the idea that female embryonic bridges are required for a ''synchronizing signal'' necessary to enter meiosis does not apply to mammals [45] , nor does the linkage to sex determination observed in Drosophila [46] . Important signals may, of course, still be transmitted between cells through small molecules independent of intercellular bridges. However, possible roles of the intercellular bridge in facilitating organelle biogenesis [21] or distribution [23] are evidently not essential for fertility of mammalian females. The benefit of transferring mitochondria or other cellular components is limited. At best, this mechanism doubles the initial oocyte pool in mice. This was not a major factor in the fertility of the mice in this study.
While loss of intercellular bridges did not decrease fertility, it is important to note that it also did not improve fertility. Because so many germ cells are lost during cyst breakdown, one could have proposed a model in which more germ cells survive if they do not sacrifice themselves for dominant oocytes. The results of this study show that if germ cells die for dominant oocytes, it is not because of organelles or information passed through intercellular bridges.
The data presented herein show statistically identical fertility during the first 6 mo of mating between Tex14 knockout and control females. All stages of folliculogenesis were still present at least until 1 yr of age. Given the fertility of Tex14 knockout females, it seems possible that the female intercellular bridge is a vestigial structure, possibly remaining only because of the essential role of intercellular bridges in spermatogenesis [17] . In the fruit fly ovary, intercellular bridges interconnect nurse cells and a single oocyte that forms, and this connection is necessary for nourishing the oocyte, which becomes larger at the expense of the nurse cells [13] . A similar physiologic change in the size of one oocyte vs. its neighbor in the germ cell cyst is not observed in mammals, further suggesting that the intercellular bridge is a vestigial structure and that its functional role in female fruit flies and mammals is not conserved.
